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The Large Hadron Collider (LHC) requires distribution of high 
electrical currents in the limited space of LHC tunnel. Four 
superconducting links of about 76 m length and one of  510 m will be 
installed in the tunnel to carry 6 kA and 600 A. For validation of the 
longest link a test station was designed which is presently under 
construction. The design will permit the test station to be adapted for 
other links and/or cables as well. It will operate either in pool boiling 
mode, in order to measure thermal loads, or in forced super-critical 
helium flow mode to simulate real operation. Inlet pressure is 1.2 bar 
to 3 bar. Inlet temperature is adjustable from 4.4 K up to about 20 K. 
The station is being prepared to validate the LHC model link, 
consisting of 48 superconducting cables, each operating at 600 A 
between 4.5 K and 5.4 K. This article describes features of the 
equipment. 
INTRODUCTION 
In order to verify the design and production of a 510 m long superconducting link [1] a so-
called validation model (DSLM) will be tested at cold condition. For this purpose a test set up 
was built by European industry on the basis of CERN’s technical specification [2]. The design 
will permit the test station to be adapted for other links and/or cables as well, as long as their 
operating parameters stay within a certain range. This article describes features of the 
equipment using the DSLM design and operating parameters as reference example. 
TEST-SETUP 
Flow scheme 
The test station consists of three distinctive parts: The superconducting link proper, the feed 
box which provides cryogens and electrical current to the link and recollects the shield 
coolant, the return box which collects the superconductor coolant and sends it to be warmed 





Figure 1 General flow scheme 
Link 
The DSLM consists of a 30 m long vacuum insulated pipe, actively shielded at about 60 K. 





The DSLM was designed with a kink and to with a slight slope from feed box to return box. 
The kink is meant to validate the robustness of the link’s mechanical design and of its cable to 
accommodate direction changes. The slight slope is imposed in order to be able to do heat 
inleak measurements by means of boil off, the boil off being collected at the return box end.  
Feed box 
A photo of the feed box is given in Figure 3. This box is designed to have a low heat inleak. It 
includes two helium vessels: the phase separator and the current lead vessel. These vessels 
and all cryogenic valves including their piping are actively shielded. The valve V1 controls 
the liquid fed to the link. It either operates at a fixed mass flow rate or it controls the liquid 
helium level in the return box. The pressure in the separator is variable from 1.2 bar to 3 bar. 
Its temperature can be adjusted by means of a heater from 4.5 K to 20 K. The DSLM is 
foreseen to be operated at temperatures between 4.5 K at the inlet and 5.4 K at the outlet. The  
Figure 2 DSLM cross section 
of 48 superconducting wires, each rated at 
600 A. The powering is done via the feed 
box with the 48 wires connected at either 
end such as to form one 48x30 m long 
electrical circuit. The link is cooled by 
supercritical helium entering from the feed 
box and exiting to the return box. The 
cable is inserted with an over length for 
thermal compensation. Fixed points and 
thermal contraction compensation units are 





The return box either separates saturated helium incoming from the DSLM in the liquid 
helium vessel to liquid and gas or collects supercritical helium. The level of liquid helium is 
monitored by the level meter and controlled by valve V1, placed in the feed box. Temperature 
during cool down and warm up is measured. Cold helium gas or supercritical helium leaves 
the box and is brought to ambient temperature via a 30 kW electrical heater. The helium 
vessel and related circuits are actively shielded. The shield is cooled by gas coming from the 
DSLM shield line. The temperature of the shield at its warmest point is monitored. Inlet and 
outlet temperatures of the thermal shield are measured as well. 
Heat load – design values 
The feed and return boxes are designed so as not to exceed the values given in Table 1. Their 
actual values will be determined by means of a dummy test configuration containing only the 
feed and return boxes connected together. The resulting expected precision which can be 
obtained for measuring the heat load of a link at 4.4 K is ± 150 mW. The shield heat load will 
be determined from the change in enthalpy using the mass flow rate and the inlet and outlet 
temperatures. 
Operational range 
Table 2 summarizes the operational range the superconducting link test station is designed 
for. The total link length is limited by the dimensions of the hall where the test station is 
located. 
  
Figure 3 Feed box and part of DSLM 
level of liquid helium in the phase separator is 
controlled by a valve. Pressure is measured by a 
pressure transducer and controlled by a valve. 
Temperature during cool down and warm up is also 
monitored. The current lead vessel is designed for 
one pair of current leads that can be exchanged. 
Presently 600 A leads [3] are installed. 13 kA 
current leads [4] can also be mounted. Helium is 
supplied from the phase separator. Liquid and gas 
connections between these vessels are regulated by 
valve V2 and V3 respectively. In order to be able to 
operate current leads in pool boiling helium and at 
the same time feed the DSLM with supercritical 
helium a hydraulic plug [5] separates the current 
lead bath from the DSLM supercritical helium 
circuit. The lead vessel is equipped with one level 
meter and one thermometer. One coupling is 
dedicated to exhaust of gaseous helium for the 
operating mode when supercritical helium is injected 
in the lead vessel and throttled to the saturated 
pressure. This gaseous helium is heated up by the 3 
kW auxiliary heater. Inlet and outlet temperature of 
the thermal shield as well as the mass flow rate are 
measured. 
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Table 1 Heat load of feed and return boxes [W] 
Design value Feed box Return box 
Total on He circuit at 4.4 K saturated 2  0.3  
Circuit bordered by the hydraulic plug, LCV 8306 and 
DSML interface at 4.4 K saturated  
0.15   
Thermal shield circuit at 60 K 6  4  
 
Table 2 Operational range of test station  
Parameters Operational range 
Heat inleak precision at 4.4 K ± 150 mW 
Heat inleak precision at 60 K ±  2 W 
Helium supply Up to 30 g/s, 1.2 to 3  bar, 4.4 to 20 K 
60 K shield cooling Up to 150 g/s at 18 bar 
Powering  From ≤ 600 A, upgradeable up to ≤ 13 kA. 
Link length ≤ 100 m in straight line 
 
DSLM TEST PROGRAM 
A measurement of DSLM heat loads will be made for the two temperature levels involved, at 
60 K for the thermal shield and at 4.4 K for the cable carrying pipe. The heat load at 4.4 K is 
expected to be about 1 W. Powering tests will be made to assess the operational stability of 
the superconducting cable in the temperature range between 4.4 and 6 K. Behaviour of the 
DSLM during transient modes, such as cool down, warm up and quench, will be investigated. 
  
CONCLUSIONS 
A test station for testing of superconducting links in general, and the DSLM for the LHC 
specifically, was developed and is being installed. The design will permit the test station to be 
adapted for links and/or cables, as long as their operating parameters stay within a certain 
range: current less than 13 kA, cable helium cooling up to 30 g/s, 1.2 bar to 3 bar, 4.4 K to 
20 K, and less than 100 m long. The feed and return boxes, as well as the DSLM have already 
been built. The complete test station shall be fully operational beginning 2007.  
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